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1.0 SCOPE 
-~--1.1 Scope. - This specification establishes the interface 
requirements for the ~unar Surface Gravimeter experiment subsystem 
(hereinafter referred to as the LSG) of the A pollo Lunar Surface Experiments 
Package (ALSEP) 0 
1. 2 Associated Equipment. - The LSG experiment shall be 
compatible with the following equipment in accordance with the interface 
requirements specified in paragraph 3.2 of this specification: (a) ALSEP 
Structure/Thermal Subsystem, (b) ALSEP Data Subsystem and (c) ALSEP 
Ground Support Equipment (GSE). 
2.0 APPLICABLE DOCUMENTS 
The following documents of exact issue shown, form a part of this 
specification to the extent specified herein. In the event of conflict between 
documents referenced herein and detailed requirements of Section 3, th~ 
detailed requirements of Section 3 shall be considered ~er . ire-
me~. t 
MILITARY 
MIL ~I -26600( 2) 
MIL-STD-S10B 
NASA 
MSC-ASPO-EMI-10A 
17 October 1963 
r:.. 1 n~f\rrf\at\On Inte1(lQ{enl~ ~l:hi{tol Requirements, 
A eronautical Equipment 
Environmental Test Methods for Aerospace 
Ground Equipment 
NASA Addendum to Specification 
MIL - 1-26600 
GRUMMAN AIRCRAFT CORPORATION (GAC) DOCUMENTS 
LED-520-IF 
15 May 1966 
BENDIX DOCUMENTS 
AL 770000 
AL 902133 
AL 900133 
Design Criteria and Environments for 
the LM 
EMI Requirements for ALSEP 
LSG Experin1ent Test Set 
• 
Performance and Design Requirements for Lunar 
Surface Gravimeter Experinl.ent Subsystem 
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BENDIX DOCUMENTS (CONTINUED) 
ATM-241, Rev. E Acceptable Parts List for ALSEP 
ATM-242, Rev. E Approval Materials for ALSEP 
ICD' 2348600 Interface Control Drawing - Mechanical, 
Lunar Surface Gravillleter Experill1ent 
2338102 Universal Handling Tool 
2345869 Bubble Level Specification Drawing 
ICD 2345868 Interface Control Drawing - LSG Experilllent 
(Electrical) 
2331210 Connector As selllbly 
(Copies of specification, standards, bulletins and publications 
required should be otained frolll the procuring activity or as 
directed by the Contracting Officer. ) 
3. 0 REQUIREMENTS 
3. 1 Performance. - The LSG shall consist of three major 
assemblies: (1) sensor package, (2) electronics assembly and (3) structural/ 
thermal assembly. The sensor shall measure the lunar gravitational force 
and related seismic and tidal data. These signals - along with critical timing 
signals and engineering data, shall then be conditioned and formatted by the LSG 
electronics and telemetered back to earth through the ALSEP Central Station. 
3. 1. 1 Operational Characteristics. -
3. 1. 1. 1 Mission Requirements. - The LSG shall be capable of 
being transported to the moon, stowed in the ALSEP and deployed on the lunar 
surface by one astronaut with a minimum expenditure of energy and maximum 
safety. It shall be capable of operating, including activation through earth 
commands, for a period of two year s after deploym ent. 
• 
Interface Control Specification for 
Lunar Surface Gravimeter Experiment 
Subsystem 
IC 314133 
PAGE __ 4__ OF ___ _ 
Aerospace 
Systems Division DATE 4/30/71 
3. 1. 1. 2 Prelaunch Operation. - Final installation of LSG 
into ALSEP shall take place at the Contractor's facility prior to delivery 
of ALSEP to KSC o After ALSEP has been delivered to KSC no repairs 
will be made to the LSG experiment except replacing the complete sub-
o 
system. All other repairs shall be accomplished at the Contractor's facilities. 
ALSEP shall be installed into LM, nominally 100 days but not less than 45 
days before launch. 
3.1.1.3 Translunar Flight. - The LSG shall be transported to 
the Moon stowed in ALSEP. In this phase of the mission the LSG shall be 
inoperative and there shall be no provision for checkout or servicing of the 
LSG. 
3.1.1.3 Lunar Surface Operation 
3. 1. 1. 4. 1 Deployment. - Deployment of the LSG· subsystem shall 
be in accordance with the astronaut interface requirements of paragraph 
3. 2. 6 herein. The system shall be designed such that under normal conditions 
the entire ALSEP can be deployed by two astronauts in 120 minutes or by one 
astronaut in 180 minutes after removal from LM. 
The LSG shall be deployed on the lunar surface at a latitude not 
greater than 25 degrees north or south of the equator and a longitude not 
greater than 60 degrees east or west of the prime meridian. 
3. 1. 1. 4.2 Activation. - Activation of the LSG experiment shall be 
by Earth command after the completion of ALSEP deployment. 
3. 1. 2 Operabili ty. -
3. 1. 2. 1 Reliability. - A s a goal the LSG excluding the LSG sensor 
assembly shall have a 0.90 probability of surviving launch, translunar flight 
and lunar surface operation (including deployment) in the environment specified 
in paragraph 3. 1. 2. 2 herein. This probability goal is predicted on an operating 
life of 2 years. 
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3. 1. 2. 2 Environmental Requirements. - The worst case 
environmental conditions to which the LSG will be subjected in its 
operational and non-operational duty cycle are as specified in Tables I 
and II. Additional details on vibration, shock, acceleration and EMI are 
provided in the following paragraphs. All dynamic environmental testing 
shall be performed wit? the experiment in the stowed configuration. 
3. 1. 2. 2. 1 Vibration. - The maximum vibration levels to which 
the LSG experiment will be subjected are shown in Tables III, IV, V and 
VI. These figures state design limit (qualification) levels. Acceptance 
levels are as noted for each table. 
3.1.2.2.2 
3. 1. 2. 2. 3 
as follow s: 
Shock. - The maximum shock shall he as follows: 
20g - 11 msec - sawtooth per MIL-STD-S10 
Method 516, Procedure 1 (+X, + Y, ,,±Z Axes) 
Acceleration. - The maximum acceleration shall be 
14 + Ig 1. 0 minutes duration (+X axis only) 
3. 1. 2. 2. 4 Electromagnetic Interference (EMI) and Magnetic 
Field Cleanliness. - The LSG shall not be a source of interference which· 
might adversely affect the operation of other lunar surface equipment. The 
LSG shall satisfy Specification MIL-I-26600 (as amended by MSC-ASPO-EMI-IO, 
Addendum to MIL-I-26600) and Specification AL 770000 at the subsystem level. 
In addition, the contaminant electric field (static) of the LSG in its operating 
configuration shall be less than 25 volts/meter at 10 feet for frequencies less 
than 10 Hz. The contaminant magnetic field in the stowed (non-operating) 
configuration shall be less than 1. 0 gauss at any location outside the experiment 
and in the deployed (operating) configuration shall be less than 10 gamma at 10 
feet for frequencies less than 30 Hz. Wlfen exposed to a dc magnetic field of 
25 gauss, the residual magnetic field shall be less than 25 gamma at 10 feet. 
3. 1. 2. 3 Human Performance. - ALSEP experiment equipment 
shall be designed to be deployed safely by one fully suited astronaut in the lunar 
environment. Required tasks and equipment shall minimize hazards associated 
with deployment and operation of the lunar surface. Further details of astronaut 
deployment of the experiment are given in paragraph 3. 2. 6 herein. 
~pace 
~DIvIaIon 
Environmental 
Parameter 
I Humidity 
! 
I I Sand & Dust 
I I E. M. r. 
I 
I I Acceleration 
I I Vibration 
I 
I Shock 
Tempe rature 
Nuclear Radiation 
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TABLE I 
SYSTEM ENVIRONMENTS 
N/A 
I 
2. 67 g Vert I 
with 19 lateral 
LED520-1 
LED520-1 
i 
-20°.F to 160° FI 
>:~ I 
N/A 
I 
I 
I 
! 
ALSEP 
LM Std. 
N/A 
N/A 
N/A 
+50°F 
+100°F 
MISSION 
N/A 
19 Vert 
LED520-1 
LED520-1 
+50°F to 
+lOO°F 
I 
PHASE 
LM Std 
N/A 
N/A 
N/A 
+50°F to 
+100 OF 
\ 
\ 
\ 
NO. RIEV. HO. 
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Flight 
N/A 
N/A 
N/A 
4/30/71 
Lunar 
Op~rations 
N/A 
LED520-1 
AL770000 
Para. I N/A 
3.1.2.2.3 
Para. I N/A 
3.1.2.2.1 
Para. ..1 N/A 
3.1.2.2.2 
LIS- 360- LED520-1 
22302 
I 
NA I 
.------~-----------. 
Negligible N/ A Negligible L. ess thanJ) LE. D520-l 
lunar opere 
. ! 
------- l-----
Aero«~ 
~DIvhdon 
Environm.ental 
Param.eter 
Solar Radiation 
Meteoroids 
Pressure 
I Acoustics 
I 
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"" ........ _-
A LSEP MISSION 
....,-
PHASE . ____ , ____ ...---_H.' .. 
Storage 
Packaged C 
M~ve~~-~t--f1~U;'Ch Pad 
to the Pad Environm.ent eckout 
---,----------1-'----,,-----"-----, .. __ ' .......... _~_. _ •• _ ~ •• __ ... r· ____ ~ ___ ._-.... ,.-
N/A N A N/A N/A 
N/A N A N/A N/A 
Sea level to A 
50, 000 Ft. 
m.bient Am.bient Am.bient 
N/A N A N/A N/A 
MO. I REV. NO. 
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~----"' ....... --
Lunar 
Flight Operations 
---_._- -, ------.-------.---- ,.. . .-,. ~- . ~ ,~- _. 
N/A LED520-l 
N/A I DS-21 
-8 
<1x10 m.m. Hgi LED520-1 
LED520-l I N/A 
~~ The transp9rtation requirem.ent is -65°F to l60°]f for a m.axim.um. -
period of two weeks. Other stor-age will be in a <;ontrolled environm.ent. 
Factory 
Envir onrnent Storage Storage Movement & KSC Launch Pad 
Considered Unpackaged Packaged to Pad Checkout Envir onment 
y "-'--'--'~ 
" ____ V _____ 
.. ~ ,_. --~ 
... __ .. 
. .. 
Humidity 3 days 90 Days 1 Day 180 Days 13 Days 
---_ .. ~-.- .... 
-l-------1------1 
Acceleration I N / A N/A \ N/A N/A .. N/A 
; 
Vibration N/A 1 Day 1 Day N/A N/A 
Shock 
Single Single N/A N/A N!A 
Shock Shock 
I 
Temperature 3 Days 90 Days 11 &y 180 Days 13 Days 
Radiation N/A N/A i N/A Negligible Negligible 
Solar 6 hr /day N/A N/A N/A N/A 
Radiation 3 Days 
--.-
Meteroroids N/A N/A 1 N/A" N/A N/A 
Pressure 90 Days 90~lDay 180 Days 13 Days 
Acoustics I N/A N/A ~~ N/A N/A ~,---
'!<Includes lunar descent. 
Table II Environmental Duty Cycles 
Lunar 
Flight Operations 
N/A N/A 
Approx':< N/A 
25 min 
~-- .-,.~-",. . ..........---~-
25 min':< N/A 
One N/A Shock 
.- .. _-_. __ ... -
365 High 
3.5 Days Days 365 Low 
Days 
''''-'''''')'--
3.5 Days 730 Days 
....... __ ............ _-"'---.......-
N/A 365 Days I 
~ 
N/A 730 Days 
~ 
3.5 Days 730 Days 
5 Min N/A 
~~ ~a (;Den 
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These vibration levels not applicable to the LSG experiment 
at experiment level. 
_/ 
Aerospace 
Systems Division 
Axis 
X 
(vertical) 
Y 
(UHT to Inst ~) 
Z 
(Sunshield Axis) 
NOTES: 
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TABLE IV 
SINUSOIDAL VIBRATION 
Freq Range Db!. AITlpl. 
5-14 Hz 0.47 in 
14-26 
26-40 o. 137 in 
40-100 
5-20 Hz o. 265 in 
20-40 
40-46 
46-70 0.008 in 
70-100 
5-14 Hz 0.32 in 
14-25 
25-34 O. 10 in 
34-75 
75-100 
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Peak Acceleration 
4.8 g 
1102 g 
5.4 g 
0.9 g 
2.0 g 
3.2 g 
6.0 g 
1.4 g 
1. The above levels are design linlit (qualification). Acceptance 
levels are found by dividing thes e acceleration levels by 1. 3. 
2. The required sweeprate is 3 oct/ITlin. 
3. The required sweep is 5 -1 00-5 Hz for qualification and 5 -1 00 Hz 
for acceptance. 
4. The required tolerance is ± 10% on acceleration and +5 Hz at 
step discontinuities. 
" 
Axis 
X 
(vertical) 
y 
(UHT to inst V 
z 
(Sunshield axis) 
NOTES: 
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TABLE V 
RANDOM VIBRATION (L & B) 
1 MINUTE/AXIS SCAN 
Frequency Range 
20-34 Hz 
34-50 
50-75 
75 -110 
110-2000 
20-22 Hz 
22-31 
31-43 
43-70 
70-125 
125 -150 
150-2000 
20-30 Hz 
30-40 
40-69 
69-102 
102-150 
150-180 
180-2000 
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Level 
+ 12 db~oct 
0.105g/Hz 
+ 12 db/oct 
0.60 g2/Hz 
15 db/out 
+ 12 db/oct 
0.06 g/Hz 
24 db/oct 
O. 0035 g2/Hz 
+ 12 db/oct 
0.04 g /Hz 
24 db/oct 
+ 15 db/oct 
0.15 g2/Hz 
- 24 d-yoct 
0.002g /Hz 
+ 15 db£oct 
0.014 g /Hz 
24 db/oct 
1. The above levels are design lirnit (qualification). Acceptance 
levels are found by dividing the power spectral density by 1. 69. 
2. The required tolerance is ± 3 db, and ± 10% grIlls. 
± 3 db, PSD 
± 10%, g 
rIlls 
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Axis 
x 
(vertical) 
y 
(UHT to Inst. t) 
Z 
(Sunshield axi s) 
NOTES: 
,. 
TABLE VI 
RANDOM VIBRATION (LUNAR DESCENT) 
12.5 MINUTE/AXIS SCAN 
Frequency Range 
20-60 Hz 
60-105 
105-2000 
20-22 Hz 
22-31 
31-45 
45-70 
70 -100 
100-150 
150-2000 
20-22 
22-38 
38-52 
52-84 
84-105 
105-140 
140-180 
180-2000 
2 Level 
+ 6 db/oct 
0.3 g2/Hz 
15 db/oct 
+ 9 db/oct 
O. 10 g2/Hz 
24 db/oct 
0.005g2/Hz 
+ 12 db/oct 
0.02 g2/Hz 
24 db/oct 
+ 3 db/oct 
+ 12 db/oct 
0.03 g2/Hz 
- 24 db{ oct 
o. 00046 g /Hz 
+ 15 db/oct 
O. 002 g2/Hz 
24 db/oct 
1. The above levels are design linlit (qualification). Acceptance 
levels are found by dividing the power spectral density by 1. 69. 
2. The required tolerance is ± 3 db and ± 10% grIns. 
± 3 db, PSD 
± 10%, grms 
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3. 1. 2.4 Maintainability. - Equipment arrangements, 
DATE 
accessibility and interchangeability features shall be incorporated into 
the design to allow efficient servicing and maintenance. Maintenance and 
replacement shall be performed at the component level. 
3.2 Interface Requirements. -
4/30/71 
3. 2. 1 Mechanical Interface. - The experiment shall mechanically 
interface only with the ALSEP structure/thermal subsystem; this interface 
shall be as specified by Drawing 2348600 and as follows: 
3.2. 1. 1 Size and Form Factor. - The stowed LSG shall be con-
fined to an envelope 10. 75 inches (length) by 10. 88 inches ('.vidth) by 13. 75 
inches (height) plus a space of 3 inches by 3.06 inches on the 10.88 inch side 
opposite the UHT socket side plus an additional spacing of 1. 375 x 3.5 x 1. 25 
for each of four feet shown in leD 2348600. The "stowed configuration is 
that configuration which the LSG has when it is mounted on ALSEP. This con-
figuration includes the deployable LSG, its cable, cable spool and tie down 
provision. 
The LSG must remain within this envelope under any of the environ-
ITIental conditions specified in paragraph 3. 1. 2. 2 herein. 
3. 2. 1. 2 Weight. - The maximum allowable weight of the LSG 
shall be 25.0 pounds. This weight includes the interconnecting cable, cable spool 
and the cable connector. 
3. 2. 1. 3 Mounting. - The LSG shall mount to ALSEP as shown in 
Interface Control Drawing 2348600. When mounted, the four Boyd bolts will 
transmit a total force of 1290-2000 pounds throug~ the pallet to the stowed 
ITIounting surface on the base of the LSG. 
3.2.1.4 Center of Gravity. - The center of gravity of the LSG in 
its stowed configuration shall be within the location indicated on Interface 
Control Drawing 2348600. 
3. 2. 2 Electrical Signal Interfaces. - The LSG electrical inter-
face shall be as specified in Figi{re 1 Drawing 2345868 and the following: 
3.2.2. 1 . Digital Data. - Digital data shall be transferred from the 
LSG to the data subsystem along one digital data line. The details of this 
interface shall be as listed below: 
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ALSEP (233121-0-10) 
---.. -~-~-~ 
Three sets 'of 
I Separate Power Pwr. I L' < lnes 
To 
PCU 
L 
Digi tal 
Format 
Digital 
Data { 
Commands 
Analog 
Data 
29 VDC 
l 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
1 
37 
= !~ 
41 
-1-9 VDC 42 
43 
29 VDi-- 44 
~ l--"!~ 
47 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
t 
I 
I 
I 
I 
I 
I 
I 
I 
I 
t 
I 
I 
I 
I 
I 
I 
I 
I 
, 
J 
I 
I 
I 
I 
'" LSG (2331210-5) 
1. Da ta DeITland 
2. Signal return 
3. 90th FraITle Mark 
4. 
5. 
6. 
7. 
8. 
9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19.' 
20. 
21. 
22. 
23. 
24. 
25. 
26. 
27. 
28. 
29. 
30. 
31. 
32. 
33. 
34. 
35. 
36~ 
37. 
38. 
39. 
40. 
41. 
42. 
43. 
44. 
; 45. 
46. 
47. 
Signal return 
Data Shift Clock 
Signal return 
FraITle Mark 
Signal return 
Data Gate 
Signal return 
Digital Data 
Signal Return 
InstruITlent Hsg Htr 
InstruITlent Hs g Htr 
Execute 
Pwr ON 
Pwr OFF 
COITlITlan~ Decoder Power On 
COITlIT1and Decoder Power Off 
Up Count 
Down Count 
Signal return 
Free Mode Oscillation 
Tide 
SeisIT1ic 
Heater Box TeITlperature 
InstruIT1ent Hsg Pres sure 
Mas s Changing Error Signal 
Oscilla tor AIT1plitude 
Power Converter +l5V 
Power Converter -15V 
Power Converter +5V 
Signal Return 
Operating Power Return 
Operating Power 
Operating Power Return 
Operating Power 
Operating Power Return 
Operating Power 
Operating Power Return 
Operating Power 
Operating Power Return 
Operating Power 
Chas sis Ground 
Survival Heater Power 
Heater Power Return 
Heater Power 
Hea te r Power 
Heater Power Return 
Figure 1. Electrical Interface Draw;ncr 
AV. 1\1; Y. nv. 
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3. 2. 2. 1. 1 Format and Sampling Rate. - In response to data 
deITIand pulses from the ALSEP data subsystem, the LSG shall provide thirty six 
10-bit NRZ -C digital words every ALSEP telemetry frame. The data shall 
be shifted serially with the most significant bit first. The sampling sequence' 
in the 64-word ALSEP telemetry frame shall be as indicated in Figure 2. 
3.2.2.1.2 Pulse Characteristics. - The LSG digital data pulse 
shall have the following characteristic s: 
Logic al "1" 
Logical "0" 
Rise and fall times 
Repetition rate 
+2.4 volts to +5.5 volts 
o to +0. 4 volts 
;> 2 microseconds, ..c::: 10 microseconds 
between 10-90% of peak amplitude 
1060 pulses/second normal rate, nominal 
530 pulses/second slow rate, nominal 
The circuit providing these pulses shall be capable 
of pr"oviding at least 75 microamperes at 2. 4 v in the" 1" state and 
the sinking of at least 215 microampere s in the J~ 0" state .. 
3.2.2.1.3 Interface Circuit. - The digital data line interface 
circuit shall be as shown in Figure 3. 
3.2.2.2 Timing and Control Pulses. - Timing and control pulses 
are provided from ALSEP for synchronizing data gathering with data 
processor collection, stepping of experiment signal multiplexers, indicating 
time for readout of data and shifting out each "bit of stored digital data. 
Figure 3 illustrates time phasing of the various pulses. The repetition rates 
apply to normal (1060 bps ± 0.010/0) and slow (530 bps 1. O. 010/q data modes. 
The timing and control interface circuits between LSG and the ALSEP subsystem 
shall be as shown in Figure 4. 
3.2.2.2. 1 Frame Mark Pulse. - A frame mark pulse will be provided 
by the data subsystem at the beginning of each data frame having the following 
characteri stic s. 
Aarospace 
Systems Division 
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1 2 3 4 5 6 
0 
1 C C. C G G 
J 
2 G G G 
3 G G G 
Tide Free Tem.p' 
G l G 
Iv10de G G Z 
G 
G2 
4 
--_._-
Statu: Status 
5 HK G G4 
G GS G 
6 G G G 
7 G G G 
t-- . 
8 G G G 
Each box contains one 10-bit word 
Total bits per fram.e = 10 x 64 = 640 bits 
C = Control Word 
HK = ALSEP and Experim.ents Housekeeping 
G = Seism.ic Data 
Gl = Tide Data 
G2 = Free Modes Data 
G3 = Tem.perature 
G4 = Experim.ent Operate Status 
GS = Com.m.and Register Status 
NOTES: 
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7 8 
G 
G 
G 
G 
G 
--
G 
--
G 
G 
Word 1 
Word 2 
- To be sam.pled between telem.etry words 1 thro~gh 26. 
- To be sam.pled 32 telem.e.try words after Word 1. 
Words 3, 4. & 5 - To be sam.pled anytilne after Word 2 (non adjacent). 
Figure 2. Telem.etry FraI?1-e Form.at 
. Aerospace 
Systems Division 
Central Station Data 
Processor 
Notes: 
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j' 
'/ Transmission Line 
I 
I 
I 
I Sink Current ~ 
~ 
Source Current 
Signal Ground 
o The rise time con-
control elernents 
I 
"-I 
I 
will be optimized and 
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Experiment 
I 
T3 
o Logical" 0": O. 0 V to O. 4 V 
with maximum sink current 
of 215 --4 A. 
o Logic elements in 
central station data 
processor are Texas 
Instrument TTL 54L 
series. 
specified for the ~SG / 0 Logical" 1": +2'. 4 V to 5. 5 , 
with a maximum source 
c~rrent of 75 J-.I A at 2. 4 V o Only one of the dual data 
processor circuits is 
powered at anyone time. 
central station interface. 
Rise and fall times 
between the 10% and 
90% amplitude points 
will be greater than 
2,A.( sec and less than 
lOA sec. 
o Recommended that LSG out-
put logic elem ent is TI TT L 
54L series or equivalent. 
o Fanout shall be restricted 
as shown in this figure. 
Figure 3. LSG / ALSEP Digital Data Line 
Interface Circuit 
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Central Station Transmis sion Line Experiment 
Data 
Command 
R Decoder Sink Current ~1 --..4: --=-; --&-----fI I ), 
Source Current ._ 
Notes: 
o 
o 
o 
Logical elements' in Central 
Station are Texas Instrument 
TTL 54L series. 
Only one of the dual output 
Central Station elements is 
powered at anyone time. 
Logical "0": 0.0 V to +0.4V 
with maximum sink current 
of 215..-4 A. 
o Logical" 1": +2.4 V to +5. 5 V 
with maximum source current 
of 7 5 ~ A @ 2. 4 V. 
T2 
,-
Signal Ground I 
o The rise time control 0 
elements RI' R Z' CI, and Cz 
will be optimized and 
specified for the Central 
Station/LSG interface. 
Rise and fall times between 
the 10% and 90% amplitude 0 
points will be greater than 
2-4 sec and less than 10.AI sec. 
Figure 4. LSG / ALSEP Timing and Control 
and Command Interface Circuit 
Recommended 
that logic 
element is TI 
TTL 54L or 
equivalent. 
Fanout shall 
be restricted 
to that shown 
in this figure. 
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Amplitude - Logical" 1" 
Logical "0" 
Rise and fall time 
Pulse repetition rate 
Pulse duration 
DATE 4/30/71 
2.4 to +5.5 volts 
o. 0 to +0. 4 volts 
> 2 microsec, < 10 microsec 
between 10-90% of peak amplitude 
Normal mode - once/O. 604 seconds 
Slow mode - once/1. 208 seconds. 
Normal mode - 118 microseconds 
Slow mode - 236 microseconds 
MaxiInum source current from ALSEP . 
in logical" I" state: 7 5 microamps @ 2.4 V The LSG shall limit 
Maximum sink current to ALSEP in the source and sink 
current to these values. logical "0" state: 215 microamps 
The timing and duration of the various timing and control pulses are 
indic·ated in Figure 5. 
3. 2. 2. 2.2 Ninetieth Frame Mark Pulses - A frame mark pulse 
will be provided by the data subsystem at the .beginning of every 90th data· 
frame, having the following characteristics: 
Amplitude - Logical one 
Logical zero 
Rise and fall tirr e -
Pulse duration -
Pulse repetition rate -
+2. 4 volts to +5.5 volts 
o to +0.4 volts 
> 2 microseconds, < 10 micro-
seconds between 10-90% of peak 
amplitude 
Normal mode - 118 microseconds 
Slow mode - 236 microseconds 
Normal mode - once/54. 36 
seconds 
Slow mode - once/ 108.72 
seconds. 
Figure 5. LSG / ALSEP Timing and Control 
Pulse Interface 
90th Frame +-00.-_______ . 
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. The circuits furnishing these pulses can provide up 
to 75 microam.peres of source current (at 2. 4V) in the logical one state and 
can sink up to 215 m.icroamperes of current in the logical zero state. Timing 
between the 90th frame mark pulses and other control signals is shown in 
Figure 5. 0 
3. 2. 2. 2. 3 Data DeTIland. - The demand pulse shall be provided 
to the LSG for readout of each 10-bit digital data word. The deTIland signal 
is a dc level TIlaintained for one word tiTIle on the deTIland line during the 
readout of the data registers. It is required that the digital data NRZ level 
be at the appropriate value .CI" or f10") at the positive going edge of each 
shift pulse and that each succeeding data bit be to proper amplitude at the 
corresponding shift pulse positive going edges. The aTIlp1itude of the NRZ 
data TIlust be TIlaintained on the data line for at least 25 TIlicrosecond before 
(447 TIlicroseconds ± 1 microsecond after the negative going edge of the 
previous shift pulse) and 125 microseconds after the positive going edge of 
the shift pulse. The data state can be changed at any other time. The 
characteristics of the demand pulse are: 
Amplitude - Logical One 
Logical zero 
Duration - one word tiTIle -
. Rise and fall tiTIle s -
2.4 volts to +5. 5 volts 
o to 0.4 volts 
Normal TIlode 9. 4 Il}.illis econd s' 
>2 microseconds, < 10 micro-
seconds between 10-90% of peak 
amplitude. 
The circuits furnishing these pulses can provide up 
to 75 TIlicroaTIlperes of source current (at 2. 4V) in the logical one state and 
can sink up to 215 microamperes of current in the logical zero state. The 
LSG shallliTIlit the source and sink current to these values. The timing 
and control interface circuit between the LSG and the ALSEP data subsystem 
shall be as shown in Figure 4. 
IC 314133 
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3.2.2.2.4 Data Gate Pulses. - Data gate pulses are provided 
at the beginning of each data word time. Their characteristics are similar 
to those of frame mark pulses. 
Amplitude - Logical" 1" 
Logical "0" 
Rise and fall time 
Pulse repetition rate 
Pulse duration 
+2.4 volts to +5.5 volts 
o. 0 volts to +0. 4 volts 
7' 2 microsec, <}O microsec 
between 10-90% of peak amplitude 
Normal mode - once/9.-44 msec 
Slow !D0de - once/I8. 88 msec 
Normal mode - lI8..y'sec 
Slow mode - 236 -Ysec 
These circuits furnishing these pulses can provide 
up to 75 microamperes of source current (at 20 4V) in the logical one Etate and 
can sink up to 215 microamperes of current i.n the logical zero state. 
The LSG shall limit the source and si.nk current to these values. Ti.ming 
between the data gate pulses and other control signals are shown ion Fi.gure 5. 
3.2. 2.2. 5 Shift Pulses. - The function of the shift pulses i~ 
explained above in the description of data demand pulses. The characteristics 
of the shift pulses are: 
Amplitude - Logical One 
Logical Zero 
Rise and fall times 
Pulse repetition rates 
2. 4 volts to + 5. 5 volts 
o to +0. 4 volts 
'72 microseconds, .('10 microseconds 
between 10-90% of peak amplitude 
Normal mode - 1060 pulses/second 
+0.01% 
Slow mode - 530 pulses / second 
+0.01% 
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The circuits furnishing these pulses can provide 
upto ? 5 microamperes of source mrrent (at 2. 4V) in the logical one Etate and 
can SInk up to 2.15 .micQroamperes of current in the logical zero state. 
The LSG shall hmit the source and sink current to these values. 
3.2. 2. 3 Command Lines. - Command lines are provided 
between the decoder switch matrix and the experiment for ground command 
functions. Seven command lines shall be provided. The command pulses 
have the following characteristic s: 
Amplitude - Logical Zero 
(active) 
Pulse width 
Logical One 
(inactive) 
Rise and fall time 
o to O. 4 volts 
2. 4 volts to + 5. 5 volts 
20 milliseconds +2 milliseconds 
.> 2 microseconds, < 10 micro-
.seconds between 10-90% of peak 
atnpJitude 
The circuits furnishing these pulses can provide 
up to 75 microamperes of E'Ource current (at 2. 4V) in the logical one s.:ate and 
and can sink up to 215 microamperes of current in the logical zero 
state. The LSG shall limit the source and sink current to these values. 
The command line interface circuit is shown in Figure 4. 
3. 2. 2.4 Analog Data. - Ten lines shall be provided for analog 
data. These data shall be provided in the form of analog signals in the 0 to 
+5 volt range. 
The data subsystem shall sample each of these analog 
lines once every 90 ALSEP data frames. During the sampling period, the 
variatlon in the analog voltage level shall not exceed 10 millivolts. The 
input impedance of the data processor multiplexer that accepts the analog 
signals shall be at least 1 megohm during sampling and at least 50 megohms 
during non-sampling. The output impedance of the analog data lines from the 
experinlent shall be no more than 10,000 ohms. 
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" 3.2.2.5 Data Return Ground Line. - All electrical signals 
on the digital data line, analog data lines, timing and control signal lines 
and command lines shall be referenced to the data return line. The data 
return line shall be is ola ted from the power return lines a t the experiment 
by an impedance of at least one megohm. The data return line is tied to the 
co:rnm.on system reference ground in the Central Station. 
3.2.2.6 Shielding. - The digital data line, timing and control 
lines and command lines shall be shielded to prevent possible crosstalk 
and interference. The shielding of the digital data and timing and control 
lines will be obtained by grounding alternate conductors as explained in 
paragraph 3.2.4 to signal ground. The command lines will be shielded as 
a group by means of a signal return. 
3.2.2.7 Noise. - Random noise and electrical transient feedback 
induced on the data, timing and control and command interface lines by 
experiments when actively terminated as recommended in Figures 3 and 4 shall 
be less than 100 millivolts peak-to-peak. The impedance of the measuring 
probe shall be greater than one megohm and the measurement shall be made 
at the Central Station end of the interconnecting cable. 
3.2.208 Failure Protection. - All outputs and inputs to the 
experim.ent shall be designed such that short circuiting or open circuiting 
will not damage the experiment. 
3.2.3 Electrical Power Interface. -
3. 2. 3. 1 Power Requirements. - The maximum power requirements 
of the experiment shall be no greater than 9.2 watts for operation during lunar 
night except during initial turn on in which transient current surge shall not 
exceed 0.450 amperes for a period of 0.2 millisecs. Standby (survival) power 
shall be limited to 4.5 watts as seen by ALSEP. 
3.2.3.2 Electrical Power Distribution. - Electrical operating 
power to the LSG shall be transmitted along 5 line pairs as indicated on 
electrjcal interface control drawing Figure 8. Heater power is transmitted 
along 2 pairs of power lines. Survival heater power uses a separate power 
line. Operating power, survival power and heater power lines will be kept 
separate up to the isolation diodes in the ALSEP Power Distribution Unit. 
. , 
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3.2.3. 2. 1 Operating Power. - Operating power voltage shall 
be 28. 95 + o. 65 volts through a source impedance of 2. 5 ohms when 
measured at the ALSEP connector (see Figure 7). 
The ripple on the power line at the experiment shall 
not exceed 150 millivolts peak-to-peak when there exists from 0.5 to 32 
watts of reserve power 'at ALSEP. If the power source is overloaded, the 
potential at the experiment may drop 20% for up to 120 milliseconds. It is 
required that the functioning of the LSG not be permanently degraded by this 
temporary voltage drop. The voltage characteristics for the survival heater 
power shall be the same as given above for operating power voltages. 
The ALSEP pO\Afer distribution unit shall provide a 
monitor on the reserve power available. When this reserve power drops 
below an established minimum value, the experiment operating power may 
be switched off automatically and the survival heater power swi tched on as 
part of a pre-programmed turn-off sequence. The experiment may also be 
switched off by Earth command. 
3. 2. 3. 2. 2 Electrical Load Characteristics. - The maximum 
power required by the LSG is stated in paragraph 3.2. 3. 1. 
Transients caused by va;rying loads at the experimerrt 
in the operating mode or in the survival heater mode shall not exceed 
250 ma/msec. except for the turn-on transient, initial heater turn on and 
turn on during initial instrument setup. This requirement only applies to 
total current changes of greater than 75 rna. Total current changes of less 
than 75 ma may be changed at any rate. Any periodic or random variations 
in experiment electrical load, regardless of frequency, shall not cause an 
increase in the power required by the LSG of more than O. 01 watts above its 
allocated maximum power. 
During turn-off, th,e inductive load of the experiment 
shall not cause the voltage on the 29 volt operating power line to fall outside 
of the range of + 100 volts to -50 volts. 
3. 2. 3. 3 DC Isolation. - The LSG shall provide transformer 
isolation of all LSG electronics except dc motor servos and heaters from 
the ALSEP power subsystem. The noise genrated by operation of these 
components shall be limited to those values specified herein. The LSG 
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LSG I Tape Cable ALSEP 
I R 
--,-.-, ___ ,,_I __ ~"-'r-l .
Operating I 
Power Line I 
I . C 1 
____ .... ~ .. -".-.,,-,-"'.-.---,-.I~-._l.--Power Return I R 
. Line 1 
A is point at which noise feedback is measured. 
R 1 = (See para. 3. 2.4.2) 
R Z = 1.9-fL 
R = 0.6 ohms 3 
C 1 = Distributed capacitance between all conductors over length of 
cable (see ~nd 3.2.4.2) 
C z = 100 pi 
Figure 7 Equivalent Circuit for Noise Feedback 
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Figure 8. Electrical Power Interface Diagram 
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thermal control and leveling circuits shall be designed to minin1ize 
failures which would provide a dc path back through the signal return 
line. 
3.2.3.4 Noise Feedback. - Ripple, current or voltage spikes 
or random noise pickup generated by the LSG and fed back on the electrical 
power lines shall be minimized. The feedback noise peak-to-peak amplitude 
shall not exceed 150 millivolts peak-to-peak at the location and under the 
circuit conditions shown in Figure 7. 
3.2.3.5 Circuit Protection. - Circuit protection for the power 
lines to the LSG shall be shown in Figure 8. Vlhenever the operating power 
line is turned off, as a result of circuit breaker actuation or ripple-off,the 
survival heater line shall be automatically turri.ed on. In addition, the 
survival heater line can be selected or turned off by ground command. 
The ALSEP current sensor for the LSG shall be set to 
switch the 29 volt line from operating power to survival heater power whenever 
the current drawn by the LSG exceeds 500 ±50 rna for approximately 0.2 
millis econds. 
3. 2.4 Intercabling Requirements. - A single electrical cable 
shall connect the LSG to the ALSEP central station as shown in the Interface 
Drawing Figure 1. EMI shielding is obtained 'by grounding alternate conductors 
between the data line and timing and control lines. The command lines shall be 
shielded as a group. 
3.2.4.1 Physical Characteristics. - The cable shall be a 47-
conductor flat cable. Each conductor shall be equivalent to 32 A WG. The 
insulation shall consist of a O. 002-inch thick inner layer of FEP teflon and 
0.002 inch thick outer layer of H-film (DuPont "Kapton"). Cross-sectional 
dimensions shall be 0.01 inches by 2.5 inches. The length shall be 30 ± 0.5 
feet. The cable shall be fabricated from approved materials as 
contained in ATM-242. 
/ 
3. 2. 4. 2 Electrical Characteri stic s. -
3. 2. 4. 2. 1 Electrical Resistance. - The conductors shall have the 
following resistance as a function of temperature (resistance in ohms per 
100 feet). 
"v. ncy. RU. 
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32 4.4 18. 8 26.55 
The interconductor capacitance shall be approximately 
6 picofarads per foot. 
3.2.4.2. 2 LSG Conductor Assignments. - The number of conductors 
in the interconnecting cable for the various functions are listed in the following 
table. Connector pin assignments are given in Figure 1. 
Function 
Data Gate 
Operating Power 
Operating Power Return 
Survival Heater Power 
Digital Data Line 
Signal Return 
Data Demand Line 
90th Frame Mark 
Heater Power 
Heater Power Return 
Data Shift Clock 
Frame Mark 
Commands 
Analog Hous eke eping 
Chassis Ground 
TOTAL 
Number of Conductors 
1 
5 
5 
1 
1 
8 
1 
1 
2 
2 
1 
1 
7 
10 
1 
47 
3. 2. 4. 2. 3 Connector. - The connector shall be as shown on 
Bendix drawing 2331210-5. 
3. 2. 5 EMI Interfaces. - EMI shall be a consideration in 
the design, layout and packaging of all the electronic and electrical 
circuitry. All of the practices and procedures required for reduction of 
EMI shall be employed up to the point of over -complicating design, 
construction, launch handling or derating the functional or reliabili ty 
aspects of the equipment. 
"1.1. fill: v. rev. 
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The' chassis, signal return line and the power return lines will be 
returned to the system common ground point on separate conductors with 
a ITliniITluIn dc isolation of 1 ITlegohITl. 
Within the experiment all audio frequency signal 
circui ts (les s than 50 KHz) will have a single point ground to the experi-
ment common ground point. 
3.2.5.1 Electrical Conducto,J" Shielding. - Where a shield is 
provided to protect a conductor from EMI, the shield will be insulated from 
the conductor and grounded at only one point the end closest to the central 
station package. 
3 0 2.5.2 Mechanical Structure and Apertures. - All external 
metallic surfaces will maintain continuous electrical contact over their 
"full mating surfaces when the LSG is deployed. 
3.2.6 A stronaut Interfaces. -
3. 2. 6. 1 General. - The LSG must be compatible with the 
human engineering design requirelTIents for lunar surface equipment as 
specified in the LSG Performance and Design Specification, AL 900133. 
A stronaut tasks required for the handling and, deployment of the LSG on the 
lunar surface shall be as specified in the following paragraphs: 
3. 2. 6. 2 Deployment Time. - The total time for deployment 
on the LSG by the astronaut shall not exceed 5.0 minutes. 
3. 2 .. 6. 3 Removal FrolTI ALSEP •. - The Universal Handling 
Tool (UHT) (ref. drawing 2338102) shall be elTIployed by the standing 
astronaut to release the Boydbolts which fasten the LSG to the ALSEP pallet. 
3.2. 6.4 Deployment Distance. - The LSG shall be deployed 
at a distance of approximately 25 feet from the central station. 
3. 2. 6. 5 Experiment Carry. - The UHT shall be employed to 
carry the LSG. The LSG cable shall automatically play out as the experiITlent 
is carried to the deployment site. 
n.!II;V."V. 
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3. 2. 6. 6 Sunshade Deployment. - The astronaut shall deploy 
and automatically lock the sunshade in the fully deployed position by 
one continuous pull of an integral handle. 
3. 2. 6. 7 Sunshade Tilting. - Following sunshade deployment, 
the astronaut shall tilt. the sunshade to a predetermined angle,to the 
nearest degree,as read on the sunshade tilt indicator consistent with 
4/30/71 
deployment latitude. ( 
3.2.6.8 
emplacement. 
Emplacement. - The UHT shall be employed for LSG 
3. 2. 6. 9 Alignment. - The astronaut shall ensure that the tilted 
LSG sunshade is pointed toward the equator. The astronaut shall align the 
instrument so that the plane of the deployed sunshade is parallel to within 
±3° of the suns shadow~ The LSG shall be aligned by the astronaut applying 
a force to the UHT handle. One side of the sunshade shall act as a gnomon 
and the other side of the sunshade shall act as a compass rose. When the 
edge of the shadow, cast by one side of the sunshade falls on the line inside 
o 
the lower sunshade section, the alignment is within 3 • 
3. 2. 6. 10 Leveling. - The astronaut shall level the LSG to within 
±..3° of true lunar vertical by employing a bubble level (ref. drawing 2345869) 
to provide visual feedback. Leveling legs shall be firmly embedded in the 
lunar surface by a force applied to the UHT handle by the astronaut. 
3. 2.6. 11 Gimbal Caging Release. - The gimbal caging shall be 
released manually by the standing astronaut after the completion of LSG 
alignment and leveling operations. This operation involves pulling a pull ring 
attached to the top of the sunshade. The pull ring shall be releasable without 
distrubing the sunshade tilt angle or LSG leveling and alignment. The vertical 
gimbal caging release force is designed to be less than the force level that 
will distrub LSG leveling or alignment .. A visual check will be performed to 
insure that the gimbal caging release action has not altered the leveling. 
3.2. 7 Real Time Data Display. - Provision shall be made 
at MSC for the real time quantitative display of engineering status parameters 
and selected scientific data. These quantitative displays shall be available 
to MSC, the Principal Investigators, and Bendix on a scheduled basis. 
Unscheduled requests for real time quantitative display in the event of an 
emergency situation as determined by observing telemetry down link data 
shall be honored when feasible. 
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I 
3. 2. 8 Thermal Interfaceo - The LSG subsystem shall be 
designed to function in the lunar environment specified in LED-S20-1 
while operating within the power constraints set forth in paragraph 3.2. 3 
herein. 
3. 2. 9 GSE Interfaceo - Interface with the LSG experiment 
test set shall be as specified in AL 902133. 
4. 0 QUALITY ASSURANCE PROVISIONS 
Not applicable 
5.0 PREPARATION FOR DELIVERY 
Not applicable 
6.0 NOTES 
